
Experiment 6 – The Lorentz 

Transformation, the Photoelectric Effect 

and the Millikan Oil Drop Experiment. 
 

Purpose:  The purpose of this lab is to study the Lorentz Effect, the Photoelectric Effect 

as well as estimate the charge of an electron using the Millikan Experiment.  

 

Introduction 
 

In Study 1 you will validate the Relativistic relationship between mass and velocity.  In 

Study 2 you will determine a value for the Planck’s constant using the Photoelectric 

Effect.  In Study 3 you will analyze data from the Millikan oil drop experiment and 

estimate the charge of an electron. USE PROPER GRAPH PAPER FOR THE GRAPHS! 

 

Terms you should know and understand: 

 

� Special Theory of Relativity 

� Lorentz Transformation  

� Rest mass 

� Photoelectric Effect  

� Planck’s Constant  

� Stokes’ Law 

 

Study 1 –the Relativistic relationship between Mass and Velocity  

 

In Albert Einstein’s 1905 Special Theory of Relativity an expression between the speed 

of a particle and the mass of a particle was derived,   

 

          1.1 

 

 

where γ   is the Lorentz Transformation, and 0m  is the rest mass.  
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From 1905 to 1909 there was no experimental test of Einstein’s 1905 Special Theory of 

Relativity.  In 1909 an experimental test was done by Bucherer by subjecting fast 

electrons from radium (beta particles) to the combined effects of electric and magnetic 

fields, was able to measure the charge to mass ratio e/m as a function of velocity.   

 

The e/m experiment from Radium emissions was repeated with greater accuracy by Zahn 

in 1937 (see Principles of Modern Physics by A.P. French, p-161-162).    The 

measurements from the Zahn experiment is in Table 1:  The mass ratio as a function of 

the velocity ratio for fast Beta electrons. 

 

v/c m/mo v/c m/mo 

0.01 1.00 0.90 2.294 

0.10 1.005 0.95 3.203 

0.50 1.115 0.98 5.025 

0.75 1.538 0.99 7.089 

0.80 1.667 0.998 15.82 

 

Table 1:  The mass ratio as a function of the velocity ratio for fast Beta electrons 

 

Graph 1:  With the data in table 1, prepare a graph the v/c ratio on the x-axis and the 

mass ratio m/mo on the y-axis .   Circle the data points.  On this graph plot the Lorentz 

Transformation as a function of the v/c ratio.   What kind of curve is this? Is it a good fit? 

 

Graph 2  If the rest mass of an electron is 0 2

0.511MeV
m

c
=  plot a graph of Electron 

Energy (in 
2

MeV

c
 ) as a function of the v/c ratio. 

 

Study 1, Question 1 to answer in your lab write up:  Reading off the graph, if an 

electron has an energy of  1.53 
2

MeV

c
, what is its velocity? 
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Study 2 – The Photoelectric Effect  

 

The effects of interference, diffraction and polarization give ample evidence for the wave 

character of light.  On the other hand the Photoelectric Effect shows that light is also 

corpuscular in nature.     

 

The Photoelectric Effect was first discovered by Heinrich Hertz in 1887 while he 

experimented on the generation of radio waves using an induction coil and spark gap.  

Hertz noticed that ultraviolet like increased the output of his radio wave generator.   It is 

for this reason the effect was initially called “the Hertz Effect.” 

 

Between 1887 and 1905 a number of experimenters tried to better understand the 

phenomena.   They discovered five basic characteristics of the Photoelectric Effect: 

 

1) When electromagnetic radiation or light energy is incident upon certain 

substances, such as zinc or nickel, electrons are emitted. 

2) The energy of the emitted electrons, which are known as photoelectrons, is not 

related  to the intensity of the light. 

3) The kinetic energy of the emitted photoelectrons increases with the frequency of 

the incident electromagnetic energy 

4) The frequency of the incident light energy must reach a certain critical value, 

which is different for each material, before photoelectron emission occurs at all, 

5) Above the critical frequency, the emission rate depends on the intensity of the 

incident electromagnetic radiation. 

 

Using data purloined from the lab of the physicist Philip Lenard, Albert Einstein 

published a theory to explain the “Hertz Effect”.  In a bit of intrigue, the data was taken 

out of Lenard’s lab by Einstein’s first wife without Lenard’s knowledge or permission.  

Einstein would win a Nobel Prize in physics 1922 for this work and Lenard, who himself 

was a Nobel Prize laureate, would never forgive Einstein for this misdeed.   
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Einstein’s theory for the Photoelectric Effect is based on the Conservation of Energy.  If 

one electron is emitted when one photon is absorbed, by the Conservation of Energy  

 

Photoelectric Effect 

Energy of Electron 

Inside Metal  

E0 

 

+ 

Energy of 

Photon  

hν  

 

= 

Work to Remove 

the Electron  

W 

 

+ 

Energy of the 

Photoelectron 

E 

  

 

0E h W Eν+ = +  

 

where h is the Planck’s constant and ν is the frequency of the incident light, or 

electromagnetic radiation.   Solving for E, the Energy of the emitted photoelectron we 

have 

      E h wν= +  

 

where ( )0w E W= −  is known as the Work Function, and depends on the material.   

 

Study 2, Question 1 to answer in your lab write up:  If you plot the Energy of the 

emitted  photoelectron as a function of frequency of the incident light what kind of curve 

do you expect?  How would you find a value for h, the Planck’s Constant?  How would 

you find a value for w, the work function for the material? How would you find the 

critical frequency?  What is the critical frequency for Potassium?   

 

Table 2: In your lab notebook make the following Table and fill with the data provided: 

 

Frequency 

(10
14

 Hz) 

Energy 

(10
-19

 Joule) 

5.17 1.12 

5.48 1.28 

6.08 1.6 

6.86 2.08 

7.39 2.4 

 

Table 2:  The Energy as a Function of Frequency for Potassium 
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Graph 3:  With the data in table 2, prepare a graph where the frequency of the in units of 

10
14

 Hz is on the x-axis and the Energy in units of 10
-19

 Joule is on the y - axis.   

 

Study 2, Question 2 to answer in your lab write up:  Using your data, and a best fit 

line for the curve, estimate a value for h, the Planck’s Constant.  Compared to the 

recognized standard value for Planck’s Constant of 346.626 10h J s−= × ⋅ , how well does 

your experimentally determined value for h, the Planck’s Constant.  What is the relative 

error in your measurement?  What is the percentage error in your measurement? 

 

Study 2, Question 3 to answer in your lab write up:  If the frequency was measured to 

an accuracy of 3.5 % and the energy to an accuracy of 5.0 % what would be an estimate 

for the uncertainty in your experimentally determined value for h, the Planck’s Constant. 

Study 3 – The Millikan Oil Drop Experiment 

 

In 1897 Townsend measured the motion on negatively charged ions and measured an 

electron’s charge to be about  - 103.0 × 10  esu .  In 1898 J.J. Thomson using a similar 

technique found a charge of between ( )  - 105.5 to 8.4  × 10  esu .   

 

In 1909 Millikan announced he had measured the charge of an electron by observing the 

motion of small oil droplets under the influence of an electric field.  As the oil drops fall 

through the air the drops acquire a few electrons of charge and using both the effects of 

gravitation and of an external electric field it is possible to change the net force on the oil 

droplet and control the motion of the oil droplets.     

 

The Millikan oil drop apparatus consists of two parallel plates which can be alternately 

charged to a constant potential of +V, 0 or –V (V is the plate voltage), a scale and a 

microscope (refer to Fig. 1).      

 

The oil drops are observed with a microscope and the time t it takes to travel through a 

distance d as measured off a scale is timed.  The full distance between the plates is s. 
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We measure the force due to the electric field E, where e is the charge of the electron 

 

 

where n is some integer.  The electric force on the oil drop can be measured by the Null 

Method (where you balance the gravitational field by an electric field) or by the careful 

observation of the motion of the oil drop under the influence of both forces.   

 

 

 

 

 

 

 

 

Fig. 1:  The Millikan oil drop apparatus 

 

Droplets in air, acted on by a force, reach a terminal velocity given by Stokes’ Law,   

 

    

 where a is the radius (assumed spherical), η  is the viscosity of the oil, and v is the 

terminal velocity of the falling oil droplet.       

 

The net gravitational force Fg on the oil droplet is  (g the acceleration due to gravity) 

 

 

   

where ρ  and σ  are the density of the air and the oil.     

 

Study 3, Question 1 to answer in your lab write up:  Draw and label a Free Body 

diagram for the two forces that form part of the net gravitational force expression  Fg. 

 

6SF a vπ η=

( )34

3
gF a gπ ρ σ = − 

 

eF qE neE= =
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Let F+  denote the force on a negatively charged drop with electric field up (time t+ ; 

electric force aiding gravity) and F−  denote the force on a negatively charged drop with 

electric field down (time t− ; electric force opposing gravity), then 

 

 

 

and when V=0,  

 

     

 

with the convention 0 < t when the drop moves up and t < 0 when the drop moves down.  

A convenient method of data analysis is to rewrite these equations in simplified form 

 

 

 

 

 

 

 

 

 

 

 

 

Study 3, Question 2 to answer in your lab write up:   In your notebook derive these 

four expressions.  What type of a curve do you get for the first expression as a function of 

n, the number of electron charges on the oil drop? 

 

The data from an actual experiment is given in Table 3, with the time given in seconds 

(refer to Experiments in Modern Physics by Melissinos, Academic Press, p. 2 -8). 
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n ( )n
t−  

( )n
t+  

1 + 8.69 - 5.65 

2 + 3.66 - 3.00 

3 + 2.35 - 1.97 

5 + 1.36 - 1.18 

9 + 0.75 - 0.716 

 

Table 3:  Travel time as a function of the number of electron charges on the oil drop 

 

The apparatus used to collect the data has the following pertinent parameters: 

 

Distance of Fall   - 2d = 7.63 × 10  cm  

radius  - 54.91 × 10  cma =  

Density (in cgs units) ( ) 3

gm
0.882 

cm
ρ σ− =  

viscosity  - 41.60 × 10η =  

Potential (in cgs units of Statvolts) V = 1.6666 statvolts (500 V) 

Plate Separation (in cgs units) 1s = 4.71  10  cm−×  

 

Graph 4:  With the data in table 3, prepare a graph where n is plotted along the x-axis 

and the inverse of the travel time is plotted along the y-axis.  Find the slope and using the 

pertinent parameters solve for the charge e of an electron in electrostatic units (esu).   

 

Study 3, Question 3 to answer in your lab write up:  If the standard value for the 

charge of an electron in cgs units is  - 104.803 × 10  esu , how well does your measurement 

for the electron charge compare to the standard value?  What is your percentage error?   

 

Study 3, Question 4 to answer in your lab write up:  If  - 104.803 × 10  esu is equal to a 

charge of  - 191.602× 10  C , what charge in Coulomb have you determined for an electron? 


